Dual-specificity phosphatase 2 (DUSP2) is a negative regulator of mitogen-activated protein kinases. Our previous study showed that DUSP2 expression is down-regulated in many human cancers and loss of DUSP2 promotes cancer progression; however, the underlying mechanism remains largely uncharacterized. Herein, we found that loss of 
Introduction
Dual-specificity phosphatase 2 (DUSP2) belongs to the nuclear type I DUSP family and its molecular function is to terminate the activity of mitogen-activated protein kinases (MAPKs) including ERK1/2, p38 MAPK, and JNK [1] . Since DUSP2 is predominantly expressed in immune cells, most studies have focused on the role of DUSP2 in the immune response under physiological and pathological conditions [1, 2] . Nonetheless, our previous findings revealed the indispensable role of DUSP2 in the pathogenesis of cancer progression. We demonstrated that DUSP2 expression is decreased in different cancer types and that hypoxia is a critical factor, causing DUSP2 down-regulation in a hypoxia-inducible factor-1α (HIF-1α)-dependent manner [3] . More importantly, recent data have demonstrated that hypoxia-induced chemoresistance is mediated through down-regulation of DUSP2 [3, 4] . These findings indicate that DUSP2 functions like a tumour suppressor and repression of DUSP2 promotes malignancy. However, the underlying mechanism of how DUSP2 regulates tumour progression is still unknown.
Angiogenesis, a process in which new blood vessels are formed to provide nutrients and oxygen for rapidly proliferating cancer cells, is one of the most crucial steps during cancer progression [5] . When tumours reach 1 mm 3 in size, cancer cells will face hypoxic stress due to an inadequate supply of oxygen; therefore, neovascularization is required to overcome such stress [5] . Up-regulation of several angiogenic factors including vascular endothelial growth factor (VEGF) [6] , fibroblast growth factor-2 [7] , CYR61 [8] , CXCL12 [9] , and interleukin-8 [10] is involved in hypoxia-induced angiogenesis. These factors increase not only migration but also the proliferation of endothelial cells to proMost critically, an increase of angiogenesis in cancer contributes to another crucial event -metastasis. Elevation of VEGF, CYR61, and IL-8 levels has been shown to enhance metastasis in several cancers [14] [15] [16] .
Colorectal cancer (CRC) is one of the leading causes of cancer-related death worldwide. It has been known that inflammation is a critical factor for colorectal cancer development [17] . Pro-inflammatory cytokines are one of the crucial mediators that foster colorectal cancer cell growth and metastasis [18] . Although several classical cytokines such as IL-6 and tumour necrosis factor-α (TNF-α) have been shown to play important roles in the pathogenesis of CRC, compounds targeting IL-6 and TNF-α failed to alleviate cancer in clinical trials [19, 20] , suggesting the involvement of other pro-inflammatory cytokines. IL-8, also known as CXCL8, is a new player in CRC. It has been shown that expression of IL-8 is increased in CRC specimens [21, 22] . Furthermore, elevation of the IL-8 level in the serum of CRC patients correlates positively with advanced stage and metastasis progression [23] . A recent study using an IL-8 transgenic mouse model demonstrated that overexpression of IL-8 accelerates tumourigenesis after the administration of azoxymethane and dextran sodium sulphate [24] . Although IL-8 seems to be critical for the pathogenesis of colorectal cancer, information about the underlying mechanism responsible for IL-8 overexpression in colorectal cancer is limited. SNAIL, a critical regulator of epithelial-mesenchymal transition, has been reported to induce IL-8 expression in cancer stem-like cells [25] . Promoter hypomethylation of IL-8 has also been demonstrated in colorectal specimens but evidence linking promoter methylation status and aberrant IL-8 expression is missing [26] . Taken together, a general mechanism contributing to IL-8 overexpression in colorectal cancer is still unknown. Our previous study demonstrated that loss of DUSP2 contributes to aberrant expression of IL-8 in endometriotic stromal cells [27] ; thus, we reasoned that overexpression of IL-8 in CRC may be due to down-regulation of DUSP2.
Here, we report that loss of DUSP2 promotes angiogenesis via the up-regulation of IL-8 expression. Further, loss of DUSP2-induced angiogenesis contributes to tumourigenesis and metastasis through the function of IL-8. Our data provide a critical link between DUSP2, IL-8, and angiogenesis in colorectal cancer. Thus, IL-8 expression induced by loss of DUSP2 may serve as a novel target for cancer therapy.
Materials and methods

Cell culture and treatment
Cells used in this study (HCT116, HT-29, 293FT, and HeLa) were purchased from the ATCC (Manassas, VA, USA) and cultured under conditions recommended by the ATCC, in a humidified atmosphere with 5% CO 2 at 37 ∘ C. Cells were routinely checked for mycoplasma contamination using Hoechst staining and PCR. Cell line identity was authenticated by the Center for Genomic Medicine of National Cheng Kung University. For hypoxic treatment, 2 × 10 6 cells were cultured with 10% FBS medium and put into a hypoxia chamber with 1% O 2 , 5% CO 2 , and 95% N 2 for the indicated time points.
Reverse transcription-quantitative PCR (RT-qPCR) and western blotting Cells were lysed in TRIsure reagent (Bioline, London, UK) and total RNA was isolated according to the manufacturer's instructions. Total RNA (500 ng) was subjected to RT-qPCR and quantified by a StepOnePlus Real-Time thermocycler (Thermo Fisher Scientific, Waltham, MA, USA). Primer sequences are listed in the supplementary material, Table S1 . Western blotting was performed according to the standard protocol as described previously [27] and primary antibodies were used in the following dilutions: DUSP2, 1:200; C/EBPα, 1:2000; β-actin, 1:10 000.
Plasmids, transfection, and promoter activity assay
The expression vectors for C/EBPs (α,β,δ), dominant-negative C/EBP (ACEBP), and reporter constructs of the human IL-8 promoter were cloned and constructed as previously described [27] . The expression vector for dominant-negative CREB (KCREB) was from ClonTech (Takara Bio USA, Inc, Mountain View, CA, USA; Catalog # 631925). All constructs were validated by both restriction enzyme digestion and Sanger sequencing. Transfection of plasmid and siRNA oligonucleotides was performed using Lipofectamine 2000 (Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions and harvested 24 h post-transfection. For siRNA knockdown of DUSP2, cells were harvested 24 or 48 h post-transfection.
Chromatin immunoprecipitation assay
Chromatin immunoprecipitation (ChIP) was performed as previously described [27] . In brief, the sonicated lysates were incubated with either antibody (2.5 μg) against C/EBPα (sc-61X; Santa Cruz Biotechnology, Dallas, TX, USA) or non-immune rabbit IgG (Jackson ImmunoResearch Laboratories, Inc, West Grove, PA, USA) at 4 ∘ C with rotation for 16-18 h. Dynabeads ® Protein G (10004D; Life Technologies, Foster City, CA, USA) was then used to pull down the immuno-complexes. The resultant beads were washed and eluted according to the procedures described in ref [28] . 9 .0) and then samples were treated with 3% H 2 O 2 . Samples were then incubated with anti-CD31 (1:1000) antibody (ab28364; Abcam, Cambridge, MA, USA) at 4 ∘ C overnight. Next, the second antibody (goat anti-mouse, 1:1000) was added after rinsing with PBS to remove the unbound first antibody and samples were incubated at room temperature for 1 h. After washing, slides were mounted in gelatin and fluorescence microscopy was used to analyse the result. 
In vitro tube formation assay
In vivo angiogenesis assay
The directed in vivo angiogenesis assay (DIVAA TM ) was purchased from Trevigen (Gaithersburg, MD, USA) and performed according to the manufacturer's instructions. In brief, silicone tubes filled with a mixture of conditioned medium (CM) and basement membrane extract (BME) (CM:BME = 1:10) were subcutaneously implanted into the dorsal flanks of 6-week-old B6 mice and harvested after 14 days. The level of invaded blood vessels was then quantified by FITC-lectin-based ELISA.
Xenograft and orthotopic model of tumour in mouse
Inducible GFP, DUSP2-GFP cells (5 × 10 6 ) or shDUSP2 stable knockdown cells (2 × 10 6 ) suspended in 100 μl of 1 × PBS were inoculated subcutaneously into the dorsal flanks of male SCID mice or orthotopically injected into the wall of the caecum. The mice were housed in barrier facilities on a 12 h light-dark cycle with food and water available ad libitum. All procedures were performed in accordance with the guidelines for the handling of laboratory animals of the National Cheng Kung University Animal Center. After the size of the tumours reached approximately 50 mm 3 , the mice were randomly assigned into experimental or control groups. For the injection of inducible cell lines, mice in the experimental group were given drinking water containing 2 μg/ml doxycycline twice a week for 1 month, while mice in the control group received normal drinking water. For the administration of reparixin, mice received a dose of 25 mg/kg subcutaneously daily. Then tumour sizes were measured and tumour volumes were calculated by 0.52 × (length × width × height). For the orthotopic model, the IVIS system was used to monitor tumour growth weekly. Briefly, luciferin (150 mg/kg) was intraperitoneally injected into SCID mice and incubated for 10 min before imaging.
Microarray analysis
DUSP2-GFP or GFP constructs from a previous study [3] were transiently transfected into HeLa cells for 24 h and total RNA was extracted by TRIsure (Bioline). Messenger RNAs from four independent experiments using different batches of cells were used to perform microarray analysis by Agilent Technologies (Santa Clara, CA, USA). Raw data were further analysed by using GeneSpring GX (Agilent Technologies) according to the manufacturer's instructions. Microarray raw data have been deposited in NCBI's Gene Expression Omnibus and are accessible through GEO Series accession number GSE66656 (https://www.ncbi.nlm.nih.gov/geo/ query/acc.cgi?acc=GSE66656). To identify the potential cellular function regulated by DUSP2, genes were analysed by a two-tailed Student's t-test. Genes with fold change > 1.25 and p < 0.05 were subjected to Gene Ontology (GO) analysis using MetaCore™ software (Thomson Reuters, New York, NY, USA).
Correlation and GSEA analysis
Potential angiogenetic genes identified from the DUSP2 microarray were used to perform the correlation analysis. Gene expressions were firstly transformed to z-score. Genes that correlated with DUSP2 by using Pearson's correlation analysis were further presented as a heat map. Next, datasets for DUSP2 (GSE66656), IL-8 (GSE30364), and C/EBPα (GSE58743) from the GEO dataset deposited at NCBI were subjected to gene signature analysis using GEO2R software (https://www .ncbi.nlm.nih.gov/geo/info/geo2r.html) with default parameters (Student's t-test with p < 0.05 and fold change >1.5-fold). Those gene signatures were further analysed by gene set enrichment analysis (GSEA) in the gene sets (GSE14297) derived from patients with paired metastatic and primary (N = 18) colorectal cancer (CRC).
Statistical analysis
The data were expressed as means ± standard deviation of the mean and were analysed by either Student's t-test (for two groups) or one-way analysis of variance (for three or more groups) using GraphPad
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Results
DUSP2 negatively regulates angiogenesis in cancer
To identify the potential cellular function of DUSP2 in cancer, we transiently overexpressed DUSP2-GFP or GFP-alone constructs in HeLa cells and performed microarray analysis (GEO submission number GSE66656). This showed that DUSP2-regulated genes are involved in several critical cellular processes including angiogenesis (supplementary material, Table S2 ). Since angiogenesis is a crucial step for tumour growth and metastasis, we aimed to investigate the role of DUSP2 in angiogenesis. First, conditioned media collected from DUSP2-knocked down or DUSP2-overexpresed HeLa cells were used to perform an in vitro tube formation assay. This showed that conditioned medium from DUSP2-knockdown cells markedly increased tube-forming ability, while conditioned medium from cells overexpressing DUSP2 inhibited it ( Figure 1A, B) . Next, to investigate whether DUSP2 regulates angiogenesis in vivo, xenografted tumours from DUSP2-knockdown cells and DUSP2-overexpressing cells were stained with CD31, a marker of blood vessels. This showed that knockdown of DUSP2 from two independent clones increased CD31 expression ( Figure 1C ), while overexpression of DUSP2 significantly reduced the number of microvessels in xenografted tumours ( Figure 1D ).
To further identify potential angiogenic factors regulated by DUSP2 and their clinical relevance, correlations between DUSP2 and genes involved in angiogenesis were analysed using the public dataset containing a large cohort of clinical colorectal cancer specimens (E-MTAB-990). As shown in Figure 1E , seven genes related to angiogenesis had negative correlations with DUSP2 in 688 CRC samples. Similar results (supplementary material, Figure S1 and Table S3 ) were also observed in another clinical CRC dataset (GSE24551, n = 333). These bioinformatic findings suggest that those angiogenic factors might be potential downstream target genes regulated by DUSP2.
DUSP2 negatively regulates IL-8 expression through the ERK1/2-C/EBPα axis
Since IL-8 plays crucial roles in the pathogenesis of colorectal cancer and the underlying mechanism responsible for aberrant expression of IL-8 remains largely unknown, we aimed to characterize how DUSP2 regulates IL-8 expression in colorectal cancer. Forced expression of DUSP2 inhibited IL-8 expression, while knockdown of DUSP2 markedly increased IL-8 mRNA and protein levels in HCT116 cells (Figure 2A-C) . Similar results were observed in Caco2 cells (supplementary material, Figure S2A ). Since DUSP2 is a phosphatase responsible for inactivating activities of the MAPK family, inhibitors for MEK, p38, and JNK were used to treat DUSP2-knockdown cells and the levels of IL-8 were measured. This demonstrated that knockdown of DUSP2-induced IL-8 expression was completely diminished by MEK but not by p38 or the JNK inhibitor ( Figure 2D ), suggesting that ERK1/2 activity is critical for the increase of IL-8 expression. Indeed, a promoter activity assay demonstrated that knockdown of DUSP2 stimulated IL-8 promoter activity, while overexpression of dominant-negative forms of ERK1 and ERK2 completely diminished it ( Figure 2E ). Bioinformatic analysis showed that several binding sites for CCAAT/enhancer binding protein (C/EBP), a transcription factor downstream of ERK1/2, are present in the IL-8 promoter region (supplementary material, Table S4 ). Transfection of the dominant-negative form of C/EBP (ACEBP), but not CREB (KCREB), significantly attenuated knockdown of DUSP2-induced IL-8 promoter activity (supplementary material, Figure  S3A ), indicating that C/EBP plays an important role in regulating IL-8 gene expression. Serial deletion and site-directed mutation of C/EBP binding sites in IL-8 promoter constructs indicated that site 3 of the C/EBP binding site was critical for regulating IL-8 promoter activity ( Figure 2F , G). As C/EBP has several isoforms, we overexpressed individual isoforms of C/EBP to determine which one is involved in the regulation of IL-8 promoter activity. As shown in Figure 2H , we found that only C/EBPα overexpression markedly increased IL-8 promoter activity. Consistent with this notion, knockdown of DUSP2 significantly increased the level of C/EBPα protein (supplementary material, Figure  S3B ). Finally, chromatin immunoprecipitation assays demonstrated that knockdown of DUSP2 enhanced C/EBPα binding to site 3 of the C/EBP binding site ( Figure 2I ).
Hypoxia-induced IL-8 expression is mediated through down-regulation of DUSP2 expression
Hypoxia is a well-known stimulator of angiogenesis and our previous results show that hypoxia-down-regulated DUSP2 expression is a general phenomenon in cancer. Here, we asked whether hypoxia-induced IL-8 expression is mediated through regulation of DUSP2 expression. Hypoxia-induced IL-8 expression was abolished when MEK inhibitor was added, suggesting that it is ERK1/2-dependent (supplementary material, Figure  S4) . A time course study demonstrated that DUSP2 down-regulation occurred before IL-8 up-regulation ( Figure 3A) . A similar result was observed in Caco2 cells (supplementary material, Figure S2B ). In addition, hypoxia-induced IL-8 expression was attenuated when the DUSP2 level was restored by doxycycline in HCT116 cells carrying an inducible DUSP2-GFP system ( Figure 3B ). We also found that phosphorylated and total forms of C/EBPα were increased under hypoxia in an ERK-dependent manner ( Figure 3C and supplementary material, Figure S5 ). Furthermore, 
Loss of DUSP2 promotes angiogenesis via an increase of IL-8 expression
To test whether loss of DUSP2-induced angiogenic ability is mediated through IL-8, conditioned media from IL-8 knockdown or IL-8 receptor inhibitor-treated cells were collected to perform an in vitro tube formation assay. Knockdown of DUSP2-induced tube-forming ability was decreased when IL-8 function was inhibited by two different methods ( Figure 4A , B and supplementary material, Figure S6 ). Similar results were observed when the IL-8 antibody was used to block the function of the IL-8 receptor (supplementary material, Figure S7 ). Next, to further confirm the above findings in vivo, silicone tubes were filled with conditioned media mixed with Matrigel and implanted into the dorsal flanks of B6 mice. The silicone tubes were recovered 2 weeks after inoculation and blood vessels that invaded the Matrigel were quantified using a lectin-based ELISA. This showed that conditioned medium from DUSP2-knockdown cells enticed more blood vessels to invade the Matrigel (Figure 4C, D) , while conditioned medium from double-knockdown cells failed to do so ( Figure 4C, D) . These results suggest that loss of DUSP2-induced IL-8 expression is a crucial angiogenic factor for angiogenesis in cancer.
Loss of DUSP2-induced angiogenesis facilitates tumourigenesis
Since angiogenesis is a critical step to provide nutrients and oxygen for cancer cells during cancer progression, we further investigated whether loss-of-DUSP2-induced, IL-8-dependent angiogenesis is critical for cancer progression. Stable clones of HCT116 cells carrying shRNAs against DUSP2 or luciferase were subcutaneously implanted into the dorsal flanks of SCID mice. Once the tumour size reached 
mm
3 , the IL-8 receptor inhibitor reparixin was administered to the SCID mice and tumour sizes were measured twice a week. The tumour growth curve and tumour size measurements indicated that stable knockdown of DUSP2 markedly promoted tumour growth, while treatment with reparixin significantly reduced it ( Figure 5A-D) . Furthermore, xenograft tumours from shDUSP2 showed an increase of phospho-ERK staining and vessel density, while reparixin treatment reduced them ( Figure 5E-H) .
Loss of DUSP2 promotes metastasis of colorectal cancer via IL-8 expression
We then asked whether loss of DUSP2 contributes to cancer metastasis and whether this effect is mediated by up-regulation of IL-8. To test the hypothesis, HCT116 cells carrying stable knockdown of DUSP2 or double-knockdown of DUSP2 and IL-8 were orthotopically injected into the caecal walls of SCID mice and tumour growth was monitored using the IVIS system. After 30 days' incubation, stable knockdown of DUSP2 promoted colorectal cancer growth, which was attenuated by knockdown of IL-8 (supplementary material, Figure S8 ). Gross and microscopic examination found tumour nodules in the livers of mice inoculated with cells with stable knockdown of DUSP2 but not in mice inoculated with control ( Figure 6C ). Finally, we analysed DUSP2, C/EBPα, and IL-8 signatures in primary and metastatic colorectal cancer specimens using gene set enrichment analysis (GSEA) of public microarray datasets. This indicated that DUSP2-down-regulated, C/EBPα-up-regulated, and IL-8-up-regulated signatures were significantly enriched in the metastatic colorectal cancer patients, suggesting that they play roles in metastasis progression ( Figure 6D ). Taken together, these results suggest that loss of DUSP2 plays an important role in developing metastasis via C/EBPα-and IL-8-dependent angiogenesis.
Discussion
Angiogenesis is a critical, if not the most critical, process for maintaining cancer growth and causing metastasis and relapse; therefore, many anti-angiogenic drugs have been developed for cancer therapy [29] . Although cancer cells initially respond to anti-angiogenic drug treatment by showing regression of tumour size, most of those drugs do not increase the overall survival rate, due to the development of drug resistance [29] . The main reason for the failure of anti-angiogenic drugs is attributed, at least in part, to the complicated angiogenic process in the cancer microenvironment. Many genes have been reported to be involved in angiogenesis in different tumour types. Besides, the complex gene-gene and gene-microenvironment interactions further dampen the effectiveness of anti-angiogenic drugs. Clinical studies reveal that once treated with an anti-angiogenic drug, cancer cells become more aggressive, due to increased local invasion and distant metastasis [29, 30] . Part of the reason is that chemotherapy-induced hypoxia may result in the induction of expression of more angiogenic and/or survival factors that are not inhibited by the original anti-angiogenic drugs. Therefore, the identification of a master regulator that serves as a hub for controlling several gene regulatory networks responsible for not only angiogenesis but also other cellular functions may provide a better chance for cancer therapy. The expression of DUSP2, a negative regulator of the MAPK family, is decreased in many human cancers. Loss of DUSP2 markedly enhances tumour growth in a xenograft mouse model, while restoration of DUSP2 induces cancer cell apoptosis and increases drug sensitivity [3] . However, the underlying mechanism of how DUSP2 controls tumour growth is still a mystery. Herein, by using a genome-wide screening approach, we found that DUSP2 regulates many genes involved in different cellular functions including angiogenesis. Our previous data showed that loss of DUSP2 in endometriotic stromal cells results in up-regulation of IL-8 [27] and that angiogenesis is a critical process in cancer metastasis and malignancy; therefore, we tested whether a similar phenomenon also occurs in cancer cells. Indeed, our data show that DUSP2 negatively regulates angiogenesis through the modulation of IL-8 expression. Furthermore, we report that hypoxia-induced IL-8 expression is also mediated by down-regulation of DUSP2. Our current findings confirm our previous observation and demonstrate that controlling angiogenesis through the hypoxia-DUSP2-IL-8 axis is not a special scenario in endometriosis but is a common mechanism in cells of mesenchymal and epithelial lineages. Our findings reveal a novel gene regulatory pathway used by cancer cells to survive in the hypoxic microenvironment and suggest that preventing DUSP2 from hypoxia-mediated down-regulation may be a feasible approach for cancer intervention. To our knowledge, this is the first report to functionally link hypoxia, loss of DUSP2, IL-8 overexpression, and cancer malignancy together in colon cancer.
Overexpression of IL-8 in cancer cells has been recognized for years [21, 22] and the importance of IL-8 in malignancy has been suggested [23, 24] . Previous studies have shown that hypoxia increases IL-8 expression via AP-1 and NF-κB sites located at the IL-8 promoter in ovarian cancer cell lines [31] . Herein, we have shown that hypoxia-induced IL-8 expression is mediated by down-regulation of DUSP2 expression. Our result agrees with the previous report by Xu et al [31] that hypoxia-induced IL-8 expression is not mediated by the direct binding and transcriptional up-regulation of HIF-1α, a mechanism commonly used to induce other genes such as VEGF [32] . In contrast, hypoxia-induced IL-8 expression is mediated via an intermediate transcription factor, C/EBPα. Our results demonstrate that hypoxia down-regulates DUSP2, which causes prolonged activation of ERK1/2 and contributes to an increase in the phosphorylated and total forms of C/EBPα, a potent transcription factor that binds directly to the IL-8 promoter to induce its transcription. This finding provides an alternative pathway for hypoxia-induced IL-8 expression and demonstrates another layer of complexity in gene regulation within the tumour microenvironment.
It has been shown that IL-8 stimulates endothelial cell proliferation and migration to promote angiogenesis [15] . Besides, IL-8, secreted by cancer cells, recruits bone marrow-derived endothelial progenitor cells to stimulate tumour vasculogenesis [12] . Recently, it was reported that IL-8 also promotes lymphangiogenesis through increasing the growth of human lymphatic endothelial cells [33] . Since IL-8 is important for the growth, angiogenesis, and metastasis of colorectal cancer [34] [35] [36] , disruption of IL-8 signalling seems to be a feasible approach to block angiogenesis and cancer metastasis. Indeed, inhibition of IL-8 receptor activation not only reduces angiogenesis but also inhibits tumour growth mediated by loss of DUSP2. Interestingly, blockage of IL-8 function also attenuated ERK phosphorylation induced by loss of DUSP2. It has been shown that IL-8 can induce ERK1/2 phosphorylation in different types of cells [37, 38] , suggesting that there might be a positive feedback loop between loss of DUSP2 and IL-8 expression to amplify ERK activity during the pathogenesis of colon cancer. Since aberrant expression of IL-8 in cancer cells is induced by hypoxia-mediated DUSP2 down-regulation, and hypoxia is an inevitable consequence during cancer progression, our results suggest that preventing DUSP2 from hypoxia-mediated down-regulation seems to be a plausible approach to alleviate hypoxia-induced angiogenesis and cancer metastasis in addition to blocking IL-8 signalling.
In conclusion, our present study demonstrates that aberrant expression of IL-8 contributes to angiogenesis in colon cancer. However, the limitation of the present study is that IL-8 is just one of the angiogenic factors identified in colon cancer and blocking IL-8 signalling cannot completely prevent neovascular development. Thus, it is important to investigate other angiogenic factors regulated by DUSP2 or other pathological processes controlled by DUSP2 to seek a thorough resolution. As supported by our previous study that restoration of DUSP2 expression under hypoxic conditions promotes tumour regression by induction of apoptosis in cancer cells [3] , the identification of small molecular compounds to increase DUSP2 expression under hypoxia may simultaneously block blood vessel formation and induce cell death, which might have clinical potential for cancer therapy. Table S1 . Primer sequences used in this study 
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